Objective: The treatment of subclinical hypercortisolism in patients with bilateral adrenal incidentalomas (AI) is debatable. We aimed to compare the biochemical and clinical outcome of unilateral adrenalectomy vs a conservative approach in these patients. Design: Retrospective study. Methods: The study included 33 patients with bilateral AI; 14 patients underwent unilateral adrenalectomy of the largest lesion (surgical group), whereas 19 patients were followed up (follow-up group). At baseline and at each follow-up visit, we measured 0800 h plasma ACTH, midnight serum cortisol (MSF), 24-h urinary-free cortisol (UFC) and serum cortisol following a standard 2-day low-dose-dexamethasone-suppression test (LDDST). We evaluated the following comorbidities: arterial hypertension, impaired glucose tolerance or diabetes mellitus, dyslipidemia and osteoporosis. Results: Baseline demographic, clinical characteristics and the duration of follow-up (53.9G21.3 vs 51.8G20.1 months, for the surgical vs the follow-up group) were similar between groups. At the last follow-up visit the surgical group had a significant reduction in post-LDDST cortisol (2.4G1.6 vs 6.7G3.9 mg/dl, PZ0.002), MSF (4.3G2 vs 8.8G4.6 mg/dl, PZ0.006) and 24-h UFC (50.1G21.1 vs 117.9G42.4 mg/24 h, PZ0.0007) and a significant rise in meanGS.D. morning plasma ACTH levels (22.2G9.6 vs 6.9G4.8 pg/ml, PZ0.002). Improvement in co-morbidities was seen only in the surgical group, whereas no changes were noted in the follow-up group. Conclusions: Our early results show that removal of the largest lesion offers significant improvement both to cortisol excess and its metabolic consequences, without the debilitating effects of bilateral adrenalectomy. A larger number of patients, as well as a longer follow-up, are required before drawing solid conclusions.
Introduction
Incidentally detected adrenal masses, known as adrenal incidentalomas (AI), have become a very common clinical problem, with an estimated prevalence that ranges between 0.4 and 7% and increases with age (1) . In terms of hormone hypersecretion, hypercortisolism is the most commonly observed disorder, with an incidence of 1-47%, depending on the adopted diagnostic criteria (2) .
In the setting of AI, hypercortisolism is usually not manifested by the clinical stigmata of cortisol excess, and therefore it is described as 'mild' or 'subclinical' Cushing's syndrome or, more frequently, as subclinical hypercortisolism (SH). Although the clinical implications of subclinical hypercortisolism remain elusive, various abnormalities, such as diabetes, hypertension, obesity, dyslipidemia and osteoporosis, are frequently observed in these patients (3, 4) .
Contrary to the diagnosis and management of overt adrenal Cushing's syndrome that is usually straightforward, there is currently no consensus on both the diagnosis and the treatment of subclinical hypercortisolism associated with AI. The diagnostic criteria vary widely between centres (2, 5) . Treatment is also controversial. For unilateral AI associated with SH, limited data suggest that surgical treatment may result in some beneficial metabolic effects (5, 6, 7) . There is, however, insufficient evidence to routinely support adrenalectomy and, currently, a patient-based approach is advocated. About 9-17% of AI are bilateral and, as previously shown by our group, these patients have a higher prevalence of SH compared to their unilateral counterparts (8) . If surgery, however, is a dilemma for patients with unilateral adenomas, it is an even more complex decision for patients with bilateral AIs. Bilateral adrenalectomy will necessitate lifelong adrenocortical replacement, which practically converts mild endogenous hypercortisolism to mild exogenous hypercortisolism, as many of these patients are overreplaced (9) . Alternate options include a conservative approach with rigorous management of co-morbidities or excision of the largest lesion, based on observations that the size of the adrenal lesion correlates with the degree of cortisol excess. Unilateral adrenalectomy therefore has been suggested as an attractive option due to its lower complications, but the evidence on its efficacy is scarce (10, 11, 12) . In this study we aimed to compare the biochemical and clinical long-term outcome of unilateral adrenalectomy vs a conservative approach in patients with bilateral AIs.
Subjects and methods
We studied 33 patients (28 females) with bilateral AIs of more than 1.5 cm diameter who presented to the Department of Endocrinology, Diabetes and Metabolism, at Evangelismos Hospital in the last decade (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . All adrenal masses were discovered by ultrasound or computerized tomography (CT) scan of the abdomen performed for reasons unrelated to an adrenal disorder. All AI originally discovered by ultrasound were confirmed by CT scanning. They all had features suggestive of benign adrenocortical adenomas (homogeneous, smoothly marginated lesions). A Hounsfield unit cut-off of !10 was used to indicate a benign imaging phenotype. In patients with higher values, lesions with an absolute and/or relative contrast washout value of more than 60% or a loss of signal intensity of 20% or greater on out-of-phase MRIs were also considered benign. All but five patients had one nodule on each side. Four patients had two adenomas on one side and one adenoma on the other side, whereas in one patient, both adrenal glands were enlarged with multiple macronodules. Based on pathology reports, histologically eight patients had only one adenoma, with or without hyperplasia of the adjacent adrenal tissue, whereas six patients had a dominant nodule and multiple micro-and macronodules and one patient had diffuse hyperplasia.
Patients had no specific symptoms or signs of overt cortisol hypersecretion (i.e., proximal myopathy, easy bruising, striae, facial plethora). Phaeochromocytomas and aldosteronomas were excluded by appropriate hormonal testing (24-h urinary concentrations of VMA, metanephrines, normetanephrines and screening with aldosterone/plasma renin concentration, respectively).
A number of patients were tested for aberrant receptors following a modified protocol (13) ; six in in the intervention group and nine in the follow-up group. Among those tested, two tested positive, two had borderline responses to posture test in the surgery group and two tested positive (one in posture test, the other in meal test) in the follow-up group.
Based on informed patient preference, 14 patients (all women, age 54.9G6.7 years) had unilateral adrenalectomy (group A) and 19 patients (14 women, age 59.0G8.7 years) underwent observation and medical treatment of comorbidities (group B). Group A patients underwent laparoscopic resection of the adrenal with the largest adenoma or the left adrenal in case the masses at both sides were of equal size.
All patients were investigated as inpatients in a controlled clinical environment, under unstressed conditions. The following parameters were measured at each routine follow-up visit, but only the baseline and final follow-up visit values are reported: 0800 h plasma adrenocorticotrophic hormone (ACTH), midnight serum cortisol (MSF), serum cortisol following a standard 2-day low-dose dexamethasone suppression test (LDDST, 0.5 mg every 6 h for 2 days) and a 24-h urinary-free cortisol (UFC). SH was diagnosed based on previously published diagnostic criteria (8) , post-LDDST cortisol levels O1.8 mg/dl and at least one of the following: ACTH levels !10 pg/ml, MSF O7 mg/dl and UFC above the normal range for our assay (O120 mg/24h). Patients with ACTH more than 10 pg/ml were investigated for the possibility of Cushing's disease by a pituitary MRI scan and/or desmopressin (DDAVP) test. None of the patients tested positive and none of the patients developed evidence of Cushing's disease during follow-up.
The presence of comorbidities associated with AIs and SH was evaluated at baseline and at each follow-up visit. At each follow-up evaluation we recorded the following parameters: current medications, in-hospital and selfrecorded blood pressure measurements, glucose selfmonitoring (in those with known diabetes) and any cardiovascular-related events. We also measured lipid levels as well as HbAlc and/or performed an oral glucose tolerance test (OGTT). Arterial hypertension (AH) was defined as systolic blood pressure R140 mmHg and/or diastolic blood pressure R90 mmHg and/or the administration of antihypertensive medication. Diabetes mellitus (DM) and impaired glucose tolerance (IGT) were diagnosed based on established criteria (14) . Dyslipidemia was characterized based on serum total cholesterol levels O200 mg/dl, in combination with LDL cholesterol O170 mg/dl or HDL cholesterol !40 mg/dl in men and !50 mg/dl in women and/or fasting serum triglyceride levels O150 mg/dl and/or the administration of lipidlowering medication. We assessed bone mineral density with Dual Energy X-ray Absorptiometry (DEXA) and diagnosed osteoporosis when the T-score at the measured site was K2.5 or less.
We defined as improvement of the co-morbidities under investigation the improvement of biochemical markers if no medication was used and the use of decreased dosages or discontinuation of relevant medication. Improvement of osteoporosis was defined as a T-score of OK2.5 during follow-up.
Laboratory assays
We measured cortisol with a chemiluminescence immunoassay (CLIA) using the ADVIA Centaur Immunoassay System. We measured UFC after dichloromethane extraction with the same CLIA. ACTH was measured by an immunoradiometric assay (Cis bio international, Gif sur Yvette, France).
Statistical analysis
Statistical analysis was undertaken using Graphpad Prism version 5.0 (Graphpad Software, Inc., San Diego, CA, USA). Data are reported as meanGS.D. Biochemical parameters were compared using the Mann-Whitney non-parametric test or the Wilcoxon matched pairs test, where appropriate. The c 2 -test was used to compare the proportions of patients with improvement in co-morbidities between the two groups. P%0.05 was considered statistically significant.
Results
Baseline demographic and clinical characteristics were not statistically different between groups A and B (Table 1) . These included sex, age at diagnosis, BMI, waist-to-hip ratio (WHR), size of largest adenoma, duration of follow-up and incidence of subclinical hypercortisolism, hypertension, disorders of carbohydrate metabolism, dyslipidemia and osteoporosis. In group A, no major surgical complications were reported. Post-operatively, seven of 14 patients were put on hydrocortisone (for up to 6 months) on the basis of either low morning cortisol levels or clinical symptoms of adrenal insufficiency.
Post-surgery, we noted a significant decrease (Fig. 1 , last follow-up visit vs baseline values reported) in meanGS.D. levels of serum cortisol levels following the LDDST (2.4G1.6 vs 6.7G3.9 mg/dl, PZ0.002), MSF (4.3G2 vs 8.8G4.6 mg/dl, PZ0.006) and 24-h UFC (50.1G21.1 vs 117.9G42.4 mg/24 h, PZ0.0007),and a significant rise in meanGS.D. morning plasma ACTH levels (22.2G9.6 vs 6.9G4.8 pg/ml, PZ0.002).
This improvement in biochemical parameters in group A was obvious in the majority of patients when 
normal cut-offs were considered. At the end of the followup period (vs baseline), ten of 14 (vs 0 of 14) patients had normal post-LDDST serum cortisol, 13 of 14 (vs seven of 14) patients had normal MSF, all patients (vs seven of 14) had normal 24-h UFC and 13 of 14 (vs three of 14) had normal plasma ACTH. Accordingly, the incidence of SH fell dramatically post-surgery (one of 14) compared to baseline (12 of 14) . In contrast, hormonal characteristics remained unchanged in group B (Fig. 2 ). Improvement and/or normalization of co-morbidities were achieved in group A but not in group B (Tables 1  and 2 ). More specifically, blood pressure was normalized off medications or antihypertensive medications were discontinued post-adrenalectomy in four of seven patients with AH, a normalization was noted in all four patients with disorders of carbohydrate metabolism (DM2 or IGT), two of eight discontinued their lipid lowering drugs and two of three patients with osteoporosis had improved bone mineral density scores post-surgery (T-score !2.5). In comparison, there was no improvement in any of the co-morbidities in the group B patients. This difference between groups reached statistical significance for hypertension (HT), DM2, IGT and osteoporosis but not dyslipidemia (Table 1) . A number of patients in both groups did not fulfil the criteria for SH, although most had at least one biochemical abnormality. When we analysed separately the SH-only subjects in both groups, the improvement in comorbidities remained significant (Table 3) .
Discussion
This is the first study to show that unilateral adrenalectomy leads to an improvement in biochemical and clinical aspects of subtle cortisol hypersecretion in patients with bilateral adrenal adenomas, with clear advantages over simple observation. The adrenal gland with the largest adenoma was preferentially removed laparoscopically, or the left adrenal in the case of bilateral adenomas of the same size, due to the less demanding nature of this approach. In our cohort, no major complications resulted from surgery. Importantly, improvement in biochemical parameters of cortisol secretion was observed in all patients, with complete normalization in most. This was clinically reflected by improvement in hypertension, hyperglycemia and osteoporosis, No clinical or biochemical improvement was noted over time in patients who did not undergo surgery.
Although bilateral adrenalectomy is generally considered the treatment of choice for overt Cushing's syndrome secondary to bilateral adrenal hyperplasia (primary pigmented nodular adrenal dysplasia (PPNAD) or ACTH-independent macronodular adrenal hyperplasia (AIMAH)), it remains debatable whether it is advantageous in patients with bilateral AIs without overt Cushing's syndrome. This is because, on the one hand, the clinical situation is not severe enough to prompt surgical management, and on the other hand, the patient is lifelong dependent on steroid replacement and at risk for (20) ezetimibe (10) 73, simvastatin (20) ezetimibe (10) K1.9, life-threatening adrenal crisis. Moreover, glucocorticoid replacement often exceeds the amount actually needed and cannot mimic the diurnal profile of endogenous cortisol, resulting in persisting exposure to subtle cortisol excess (9, 15) . These considerations led to a limited number of case reports or small studies to suggest that unilateral adrenalectomy might be a useful alternative. These studies, however, comprise of either case reports or a small number of patients, most have a short time of follow-up and, importantly, there is no control group. The population included in these studies comprises mainly of patients with overt Cushing's syndrome due to macronodular or micronodular adrenal hyperplasia (11, 16, 17, 18, 19) . Two studies included patients with subclinical hypercortisolism (12, 20) . In all of these patients a significant improvement in the hormonal profile is reported. Although co-morbidities were not systematically studied, amelioration in diabetes and hypertension is reported, at least in a significant number of patients. In both studies the follow-up period was short and there was no control group.
Our study, although retrospective in nature, addresses these limitations and takes advantage of a control group with similar demographic, biochemical and clinical characteristics in which simple observation was chosen. Despite not being associated with typical signs and symptoms of Cushing's syndrome, it is now well appreciated that SH can lead to similar co-morbidities, such as hypertension, hyperglycemia, dyslipidemia and low bone density (4). Our study supports the link between the presence of cortisol excess and these morbidities, because they improved in a significant number of patients after the surgical correction of hypercortisolism, whereas they persisted in the conservatively managed group. Of note, a recent study reported increased cardiovascular events and mortality in patients with AI and lack of post-dexamethasone cortisol suppression below 1.8 mg/dl. We previously showed that the prevalence of SH is higher among patients with bilateral vs unilateral AIs, although this was not associated with an increased prevalence of comorbidities (8) . Another important strength of our study is the relatively long follow-up time. This is important because the improvement of co-morbidities was sustained for a long period of time and not confined only to the short post-operative period when even partial adrenal insufficiency may account for a reduction in glycemic levels or blood pressure. An important issue is whether some patients will eventually require completion adrenalectomy due to late recurrence of hypercortisolism. Our preliminary results show that the beneficial effects of unilateral adrenalectomy last for years, but a longer followup time will show whether they also last for lifetime.
Limitations of our study include its retrospective nature that cannot exclude possible selection biases toward treating those with more pronounced biochemical abnormalities. As a result, even though most subjects had at least one biochemical abnormality, the number of patients not fulfilling the criteria for SH in the follow-up group was higher, albeit not significantly different statistically. When comparing only subjects with SH in both groups, however, the observed improvements in co-morbidities remained significant. Also, we chose to remove the adrenal gland on the basis of larger size and not functional criteria (catheterization or iodocholesterol). In fact this criterion was used in most of the previous studies due to the limited experience and availability of these methods along with the so far successful results of this approach. In the study by Young et al. (12) lateralization of cortisol hypersecretion was at the side of the larger adrenal tumor in the majority of patients or was compatible with bilateral equal hypersecretion. Although our approach was rather empirical, it offered a clear benefit to the patients, possibly on the ground that larger adrenal nodules are more likely to represent the culprit lesion of SH, or, in the case of bilateral cortisol production, removing the larger adrenal adenoma offers a significant debulking thus reducing cortisol excess. In case of equally sized lesions, our option was to opt for the less demanding surgery approach that is left adrenalectomy.
In conclusion, our results show that removal of the adrenal harboring the largest lesion offers significant improvement both to cortisol excess and metabolic consequences of hypercortisolism, without the debilitating effects of bilateral adrenalectomy. Bilateral adrenalectomy necessitates adrenal hormone replacement for life and is associated with higher morbidity compared to unilateral surgery; based on our results, the latter may be considered a useful management approach in patients with bilateral benign adrenal masses. These data, however, are preliminary, and a larger number of patients, as well as a longer follow-up of a prospective randomized study, is required before any solid conclusions can be established.
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